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A BSTRACT
Tannins are defined as naturally occurring water-soluble poly-phenolic
compounds having wide prevalence in plants. Hydrolysable and condensed tannins are the two major classes of tannins. These compounds
have a range of effects on various organisms, from toxic effects of animals
to growth inhibition of microorganisms. Catechin a major component of
tannin is considered to be recalcitrant and some microorganisms have
developed mechanisms to degrade catechin. Tannase, a key enzyme in the
degradation of hydrolysable tannins, is present in a diverse group of microorganisms, including rumen bacteria. This enzyme is being increasingly used in a number of processes. Presently, there is a need for increased understanding of the biodegradation of condensed tannins. The
aim of this study was to enrich and isolate bacterial consortium from a
tannery soil that are capable of utilizing higher concentration of tannin and
catechin as sole source of carbon. We have assessed the aerobic biodegradation of catechin and tannin by the consortium that was isolated from a
polluted soil by enrichment with tannin. The results of the experiments
demonstrated that the consortium could degrade 500mg/L of tannin and
750mg/L of catechin, where complete degradation was achieved in 96 h.
The mixtures of tannin and catechin gave a removal efficiency of 79 % and
87 % respectively. Isolation of such consortium might be useful for the
treatment of industrial wastes particularly in environments contaminated
with tannery wastewater.  2010 Trade Science Inc. - INDIA

INTRODUCTION
Tannins are defined as naturally occurring watersoluble polyphenols of varying molecular weight, which
differ from most other natural phenolic compounds in
their ability to precipitate proteins from solutions[1]. This
property is the basis for their past and present use in
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the tanning industry. The presence of tannins in the
wastewaters would cause many problems associated
with environmental pollution and wastewater treatment.
Owing to the presence of tannins, the wastewaters are
usually highly colored, which is very difficult to be eliminated by common methods like dilution and adsorption[2]. In addition, tannins can inhibit growth of micro-
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organisms and therefore, are toxic to activated sludge.
This negative effect can be observed when tannin-containing wastewaters are biologically treated in wastewater treatment plants[2,3]. Based on their structures and
properties, they are distributed into two major groupshydrolysable and condensed tannins. Hydrolysable
tannins are composed of esters of gallic acid (gallotannins) or ellagic acid (ellagitannins) with a sugar core
which is usually glucose, and are readily hydrolysed by
acids or enzymes into monomeric products. Condensed
tannins, also known as polymeric proanthocyanidins,
are composed of flavonoid units, and are usually more
abundant in tree barks and woods than their
hydrolysable counterparts. Catechin is a major component of the condensed tannin, considered to be recalcitrant. Catechins and phenols are the major organic
pollutants of tannery effluent and impart brown colour
to receiving waters[5]. Due to the recalcitrant nature,
catechins are highly resistant to microbial attack and
cause pollution to the environment.
Tannins inhibit the growth of a number of microorganisms, resist microbial attack and are recalcitrant to
biodegradation[6]. Condensed tannins are more resistant to microbial attack than hydrolysable tannins and
are toxic to a variety of microorganisms. As mentioned
above, tannins are able to inhibit growth of microorganisms in general. But it has been found that some
microbes are resistant to tannins and can grow with
tannins as carbon and energy source[2]. Tannins are utilized by many fungi, bacteria and yeasts are quite resistant to tannins, and can grow and develop on them[7].
Certain moulds such as Aspergillus or Penicillium have
been observed to grow on the surface of liquids of tannery pits and tannery wastes[8]. Tannin degradation has
been reported by many researchers[9-13]. Recently tannin degradation has been reported in vegetable tanning
wastewater where the wastewater was diluted and the
removal extent of COD and tannins were more than 50
%[14]. Catechin the group that occupies an intermediary
position in the tannin hierarchy is reported to be degraded by both bacteria and fungi[15-21]. Sporotrichum
pulverulentum was used for fermentation of oak leaves
where the condensed tannins were reduced in 10
days[22]. The purpose of this work was to investigate
degradation of higher concentration of tannin and cat-

echin by a bacterial consortium isolated from tannery
contaminated site in Chennai.
MATERIALS AND METHODS
Enrichment and isolation of the bacterial consortium
Soil samples were collected and screened from different sites of tannery contaminated soils (Tannery industry, Pallavaram, Chennai). A standard enrichment
method was used for isolation, the substrates were provided as sole carbon and energy source in the mineral
medium containing (in g/L) 1.0- KH2PO4, 3.0NH4PO4, 8.0-NH4SO4 ,1.0- MgCl2, 20- Agar, pH 6.8.[23]. The medium was autoclaved, cooled to room
temperature and was amended with wattle tannin
(100mg/L) through a sterile filter (0.45 µm) in 250ml
Erlenmeyer flasks. After acclimatization of the cultures,
the culture was transferred several times after every four
days. Increase in cell count from 104 to 109 cfu/mL on
tannin as sole carbon source was taken as a confirmation of the ability of the consortium to utilization of tannin. All the experiments were conducted in duplicates.
The consortium was maintained on mineral salts medium with tannin as the sole carbon and energy source.
During all these experiments, after observing the turbidity at an interval of 24h, 5ml aliquots was aseptically
inoculated into 100ml of liquid medium supplemented
with increasing tannin concentrations. The chemicals and
reagents used in the study were analytical grade.
Biodegradation on catechin and tannin
Growth of the bacterial consortium containing bacterial strains was studied by analyzing the colony forming units (CFUs) per ml by dilution and plate count on
agar medium (MSM with tannin and 1.5% agar) and
pH was adjusted to 7. After growth at 100mg/L of tannin, when the cells concentration reached 0.5 (OD600),
an aliquot of the culture was centrifuged at10,000 rpm
and 4C for 15 min. To clean the biomass, it was resuspended in the phosphate buffer and centrifuged. The
cells were inoculated into 100ml of mineral salts medium supplemented with increasing concentration of
tannin and catechin respectively. Tannin was estimated
spectrophotometrically by ammonium molybdate
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method and catechin was estimated by ferrous tartarate
method (Sambhandam 1983). The concentrations of
tannin used were 100mg/L to 500 mg/L and catechin
was at concentrations, 250mg/L, 500mg/L and 750mg/
L.
RESULTS AND DISCUSSION
Degradation of tannin
Soil samples were collected from tannery affected
soils to isolate tannin degrading bacterial strains. Several bacterial strains were isolated which could degrade
tannin compounds. Initially, during the isolation period
several bacterial strains were viable after repeated transfers in the adaptation phase only few gram negative rods
prevailed as a consortium in utilizing tannins as the sole
carbon source. This condition could be due to selection within the population for specific bacterial strains
which are more tolerant to the substrate, probably due
to changes in the regulatory system, achieved by substrate specificity or over expression of a pre-existing
system for degradation of related substrates[24].

It is well known that tannins are toxic and bacteriostatic compounds making non-reversible reactions with
proteins[25]. Nevertheless, some bacteria may degrade
many phenolic compounds including natural ones like
catechol and protocatechuic acid[6,7]. In previous studies, degradation of tannin has been reported by individual strains of bacteria, yeasts and fungi under aerobic conditions[6,7,26] and consortium was used under
anaerobic conditions in the degradation of gallotannins[6] who observed the breakdown of tannic acid.
Deschamps et al. (1980) made a detailed study on this
phenomenon and isolated fifteen bacterial strains belonging to the genera Bacillus, Staphylococcus, and
Klebsiella by enrichment culture technique, using tannic acid as the sole source of carbon Nine of the isolated strains grew both on tannic acid and gallic acid,
whereas only four strains degraded catechol or catechin. Most of the fungal species that have been used
for biodegradation of tannery effluent, belong to the
genera Aspergillus and Penicillium. Other fungi, including Chaetomium, Fusarium, Rhizoctonia,
Cylindrocarpon, and Trichoderma, are capable of

Figure 1 : Degradation and growth of the bacterial consortium on tannin

Figure 2 : Degradation and growth of the bacterial consortium on catechin
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Figure 3 : Degradation and growth of the bacterial consortium on the mixtures of tannin

degrading tannery waste constituents[15]. Psalliata
campestris was found to oxidise catechin and A. niger
could degrade gallic acid[26].
In present study bacterial consortium was used for
the degradation of tannin, catechin and mixtures of both.
Batch studies were conducted with tannin concentrations from 100mg/L to 500mg/L. The degradation of
tannin with the growth of the consortium is presented in
the figure 1. The consortium was able to utilize tannin
showing highest degradation efficiency at 300mg/L of
tannin, where the removal efficiency was about 93 %
with the cell count increasing from 3  103 to 6  107.
In the case of lower concentrations of tannin the degradation efficiency was 87 % and 86 % with growth maximum of 4  106, 7  106 at 100mg/L and 200mg/L of
tannin concentrations. When the concentration of tannin was increased to 400mgL the removal efficiency
reduced to 82 % correlating with decrease in the growth
phase with 7  105cfu/ml. The degradation of 500mg/L
tannin was relatively toxic than other concentration, here
the removal efficiency was lowered to 75% with decrease in cell count in the log phase to 5  105. More
recently Sporotrichum pulverulentum was used in the
fermentation of oak leaves which decreased the contents of total phenols and condensed tannins by 58 and
66% respectively in 10 d. Further increase of fermentation time up to 40 d did not increase the tannin degradation substantially[22].

starting from 250mg/L, here the removal efficiency was
87% with growth of 7  106 was achieved in 96 h.
When the concentrations was increased to 500 mg/L
the removal efficiency decreased to 84% with cell count
of 6  105, it still reduced at higher concentration of
750mg/L to 82% were the growth in late log phase
reached to 5  104. The growth and degradation of the
compound is given in the figure 2. Brezillon et al.[27]
isolated catechin degrading strains from faeces of HF
rats receiving catechin, here 10 mM of the substrate
was degraded from 25% to 65% in 7 days. Osawa et
al.[28] reported the occurrence of lactobacilli capable of
degrading hydrolysable tannins in human gut microflora
and foodstuffs were the concentrations of tannins were
less. Current work with the bacterial consortium was
able to mineralize the compounds in 96 h.
Degradation of mixtures of tannin and catechin

The presence of tannins in the wastewaters makes
it highly coloured, which is very difficult to be eliminated by common methods like dilution and adsorption[2]. Many methods have been explored to treat tannin-containing wastewaters, such as adsorption[29,30],
membrane filtration[31,32], photocatalytic and sonochemical degradation[33,34]. But, in practice, tannin containing wastewaters are usually successively treated by
chemical settling and biodegradation so as to meet the
discharging specifications. Tannin is highly soluble in
water, and is present in mixtures of its derivatives in
tannery wastewater. To check the ability of the consortium to utilize the mixtures of tannins, this study was
conducted with optimized concentrations of catechin
and tannin. In batch studies with individual compounds
of tannin and catechin, tannin showed optimum degradation with 300mg/L and catechin 250mg/L. The growth
of the consortium with mixtures of both the compounds
with its removal efficiency is given in the figure 3. The
consortium utilized the tannin mixtures, where the growth
increased from 3  104 to 6  106, with degradation
efficiency of catechin 79% and tannin 87% respectively
(Figure 3). This is the first report on degradation of
Degradation of catechin
mixtures of catechin and tannin in the batch study. From
Catechin is a group that occupies an intermediary the results it gives hope for degradation of tannins in the
position in the tannin hierarchy as a family of catechin tannery wastewaters.
tannins. Batch studies were conducted with the bacteIn future study, the enzymes involved during the degrial consortium at different concentrations of catechin radation of tannins will throw light for further use of this
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consortium for the treatment of tannery wastewaters.
REFERENCES
[1] C.M.Spencer, Y.Cai, R.Martin, S.H.Gaffney,
P.N.Goulding, D.Magnolato, T.H.Lilley, E.Haslam;
Phyto.Chem., 27, 2397-2409 (1988).
[2] L.Etiegni, M.Wakoli, A.K.Ofosu; Water Sci.
Technol., 39, 321-324 (1999).
[3] T.K.Bhat, B.Singh, O.P.Sharma; Biodegra., 9, 343357 (1998).
[4] S.Ren; Environ.Int., 30, 1151-1164 (2004).
[5] P.Kumaran; J.IAEM, 20, 15-25 (1993).
[6] J.A.Field, G.Lettinga; Toxicity of Tannic Compounds
to Microorganisms. In: R.W.Hemingway, E.Laks
(Eds.), Plant Polyphenols: Synthesis, Properties,
Significance, Plenum Press, New York, 673-692
(1992).
[7] A.M.Deschamps; Microbial Degradation of Tannins
and Related Compounds. In: N.G.Lewis, M.G.Paice
(Eds.), Plant Cell Wall Polymers Biogenesis and
Biodegradation, American Chemical Society, Washington, DC, 559-566 (1989).
[8] G.S.Rajakumar, S.C.Nandy; Appl.Environ.Microbiol.,
46, 525-527 (1983).
[9] J.Archambault, K.Lacki, Z.Duvnjak; Biotechnol.Lett.,
18, 771-774 (1996).
[10] O.Hatamoto, T.Watarai, M.Kikuchi, K.Mizusawa,
H.Sekine; Gene, 175, 215-221 (1996).
[11] L.B.Selinger, C.W.Forsberg, K.J.Cheng; Anaerobe.,
2, 263-284 (1996).
[12] P.K.Lekha, B.K.Lonsane; Adv.Appl.Microbiol., 44,
215-260 (1997).
[13] R.W.Lane, J.Yamakoshi, M.Kikuchi, K.Mizusawa,
L.Henderson, M.Smith; Food.Chem.Toxicol., 35,
207-212 (1997).
[14] Q.He, K.Yao, D.Sun, B.Shi; Biodeg., 18, 465-472
(2007).
[15] A.Mahadevan, G.Muthukumar; Microbiologia, 72,
73-79 (1980).
[16] V.Lattanzio, D.Di.Venere, V.Linsalater, P.Bertolini,
A.Ippolito, M.Salerno; J.Agri.Food Chem., 49,
5817-5821 (2001).
[17] G.Muthukumar; Effect of Tannins on Soil Microorganisms and Crop Plants; Ph.D. Thesis, University
of Madras, Chennai, India, (1980).

BioTechnology
An Indian Journal

[18] N.Gajendiran, A.Mahadevan; Plant Soil, 108, 263266 (1988).
[19] A.Arunakumari, A.Mahadevan; Indian J.Experi.
Biol., 22, 32-36 (1984).
[20] K.Boominathan, A.Mahadevan; Ann.Meet.Soci.Biol.
Chemists, New Delhi, India, (1984).
[21] S.Latha; Cloning of Rhizobium sp. for Catechin
Oxygenase; Ph.D. Thesis, University of Madras,
Chennai, India, (1997).
[22] H.P.S.Makkar, B.Singh, D.N.Kamra; Lett.Appl.
Microbiol., 18(1), 39-41 (2008).
[23] T.Sambandam; Biochemical Studies on Microbial
Degradation of Tannins, Ph.D. Thesis, University
of Madras, (1983).
[24] H.Arai, S.Akahira, T.Ohishi, M.Maeda, T.Kudo;
Microbiol., 144, 2895-2903 (1998).
[25] A.Scalbert; Phytochemistry, 30, 3875-3883 (1991).
[26] A.Mahadevan, S.N.Sivaswamy Tannins; ‘Microorganisms’, In: K.G.Mukerji, N.C.Pathak, V.P.Singh
(Eds), Frontiers in Applied Microbiology. Print
House, Lucknow, 327-347 (1985).
[27] C.Brezillon, S.Rabot, C.Philippe, J.Durao, C.Cheze,
J.Vercauteren; Metabolism of Catechin and
Epicatechin by the Human Colonic Microflora; in
Proc. 2nd International Electronic Conference on
Synthetic Organic Chemistry, Sept.1-30, Switzerland, (1998).
[28] R.Osawa, T.P.Walsh, S.J.Cork; Biodegra., 49, 9199 (1993).
[29] X.P.Liao, B.Shi; J.Sci.Food Agric., 85, 1285-1291
(2005).
[30] A.Marsal, E.A.Garcia, I.Ribosa, J.Cot; J.Soc.
Leather Technol.Chem., 87, 219-222 (2003).
[31] A.Cassano, J.Adzet, R.Molinari, M.G.Buonomenna,
J.Roig, E.Drioli; Wat.Res., 37, 2426-2434 (2003).
[32] W.Scholz, M.Lucas; Water Res., 37, 1859-1867
(2003).
[33] J.Arana, R.E.Tello, R.J.M.Dona, M.J.A.Herrera,
D.O.Gonzalez, P.J.Perez; Chemo., 44, 1017-1023
(2001).
[34] G.V.Svitelska, G.P.Gallios, A.I.Zouboulis; Chemosphere, 56, 981-987 (2004).

